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Abstract
IgG4-related disease (IgG4-RD) is a systemic fibro-inflammatory disease with multiple organ disorders. Recently, in IgG4-RD, increased circulating plasmablasts have been found. The subsets of plasmablasts are negative for RP105 (CD180). A large population of B cells lacking RP105 (RP105-negative B cells) are found in patients with active with systemic lupus erythematosus and other systemic autoimmune diseases, including dermatomyositis, and Sjögren’s syndrome. In other con​ditions, such as neuromyelitis optica, Kawasaki’s disease, primary biliary cirrhosis and aging, RP105 expression on B cells and monocytes also alters. We review the basic science and clinical significance of RP105-negative B cells including plasmablasts in various immune-based diseases. RP105-negative B cells, especially plasmablasts, play crucial roles in both systemic and organ-specific autoimmune and inflammatory disorders. 
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Core tip: RP105 (CD180) is associated with B cell function, survival and death. RP105-negative B cells, especially plasmablasts, take part in pathophysiology of various immune-based diseases.
INTRODUCTION
IgG4-related disease (IgG4-RD) is a novel systemic fibro-inflammatory disease with multiple organ disor​ders[1,2]. IgG4-RD affects the various organs, including pancreas, kidney, aorta, lung, lymph node, salivary gland, lacrimal gland, prostate, pericardium, and so on. The elevated serum IgG4 levels are associated with the pathophysiology of IgG4-RD. B cell depletion therapy using rituximab (RTX) is an effective and alternative therapy of refractory IgG4-RD[3]. These results suggest that B cells play important immunological roles in the disease. The diagnosis of IgG4-RD is performed by biopsy-proven characteristic histology and immunohis​tochemistry features. Although, to date, the etiology and B cell biology in IgG4-RD have not been fully elucidated, recent studies suggest that late B cells, especially plasmablasts, play a pivotal role[4,5]. In patients with IgG4-RD, increased circulating plasmablasts and IgG4+ plasmablasts were found[6]. 

Toll-like receptors (TLRs) are important components of innate immune system that trigger antimicrobial responses. TLRs recognize various pathogens such as lipopolysaccharides (LPS), lipopeptides and CpG-DNA. RP105 [radioprotective, 105 kDa (MW); CD180], TLR associated molecule, is principally expressed on mature B cells[7]. Interestingly, a large population of B cells lacking RP105 (RP105-negative B cells) are found in patients with active systemic lupus erythematosus (SLE)[8] and other systemic autoimmune diseases, inclu​ding dermatomyositis (DM), Sjögren’s syndrome (SS) and so on[9]. Moreover, in organ-specific autoimmune diseases, for example, in neuromyelitis optica (NMO), an inflammatory disease affecting the optic nerve and spinal cord, increased circulating RP105-negative B cells were reported[10]. Recently, in IgG4-RD, increased RP105-negative B cells, especially the subsets of plasmablasts, have been described[11-13]. Moreover, in various conditions, such as Kawasaki disease (KD), primary biliary cirrhosis (PBC) and aging, altered RP105 expression on B cells and monocytes was found. We review the basic science and clinical significance of plas​mablasts and RP105-negative B cells in various immune-based diseases. 

STRUCTURE AND FUNCTION OF RP105 (CD180)/MD-1

Structure and expression of RP105

RP105 is a pathogen receptor of the leucine-rich repeat (LRR) family with homology to TLR-4. It was first repo​rted that RP105 is mainly expressed on murine naïve and memory B cells[7]. The human homologue of RP105 was identified in 1998[7,14]. Although RP105 was origin​ally discovered as a surface marker of B cells both in mice and humans, the molecule is also expressed on monocytes, macrophages, and DCs.

Virtually, all human B cells express RP105 strongly but not on plasma cells[15]. RP105 consists of extracellular LRRs and a short cytoplasmic tail (Figure 1). The LRRs involve in protein-protein interaction[16]. Extracellular LRR motifs of RP105 are similar to the other TLRs. RP105 forms a heterodimer complex with MD-1[17-19]. In the same manner as MD-2 for TLR-4, MD-1 is essential for expression of RP105 on the cell surface. Because RP105 has a very short cytoplasmic tail, 11-amino-acids, RP105 lacks the conserved intracellular signaling domain, Toll-IL-1 receptor (TIR) domain. TIR domain is required for TLR-signal transduction via adapters such as MyD88. Therefore, RP105 may be associated with a coreceptor transducing a signal into the cell.

The molecules with LRRs take part in the recognition of exogenous pathogens and activation of the immune system[20,21]. Historically, TLRs were first identified in Drosophila[22]. The molecules having LRRs are also important in the defense against pathogens in humans. The structural similarity of the extracellular LRRs of RP105 to TLRs suggests that RP105 also senses patho​gen invasion, such as LPS[18]. 

Signaling of RP105

Although signaling molecules binding to cytoplasmic tail of RP105 are not fully identified yet, there are multiple signaling pathways of RP105. RP105 signals separate from MyD88 and use CD19 as a coreceptor to signal through lyn, Vav, phosphoinositide 3-kinase (PI3K), AKT and IκB kinase [23,24]. Phosphatase and tensin homolog deleted on chromosome 10 (PTEN) and PI3K inhibitors control TLR4/RP105/LPS signaling in the CD19+ B cells and pan PI3K inhibitors reverse the lymphoproliferative phenotype in vivo[25].

Functions of RP105

The differential function of RP105 on macrophages/monocytes and B cells has been reported. RP105 has a negative regulatory function for TLR-4/MD-2 signal in macrophages and monocytes[26,27]. Recently, the unique role of RP105 in macrophages to TLR ligands has been reported. The function of TLR2 and TLR4 in activated macrophages could be associated with RP105[28,29]. In B cells, RP105 may have enhancing role of TLR-signals. Anti-RP105 monoclonal antibodies induce polyclonal B cell proliferation and immunoglobulin production of IgG1 and IgG3[30]. RP105 may regulate signals and functions of TLR-7 and TLR-9 to limit activation of autore​active B cells[31]. In mice, RP105 plays a role in regulation of B cell growth and death. Although, in humans, the function of RP105 in B cells is still controversial and undefined, RP105 affects activation and regulatory function of B cells.

ACTIVATING ACTION OF RP105

Anti-RP105 antibodies

Cross-linking of anti-RP105 antibodies transmits an activation signal leading to B cell proliferation strongly, provides resistance against radio- and glucocorticoid-induced apoptosis, and expresses CD86, a co-stimu​latory molecule, in mice[19]. RP105/MD-1 is functioning in concert with TLR4, controlling B cell recognition and signaling of LPS from Gram-negative bacteria[14].

Agonists of RP105; lipoprotein and LPS

RP105 physically interacts with TLR2, and both RP105 and TLR2 are required for macrophage activation by Mycobacterium tuberculosis lipoproteins[32]. RP105 is also involved in activation of macrophages by gram-positive bacteria, Staphylococcus aureus[28] and by Pam3CSK4 through TLR2 signaling[29]. In activation of macrophages by LPS and Pam3CSK4, TLR2 signa​ling overcomes RP105-mediated regulation of TLR4 signaling[29].

In RP105- and MD-1-deficient mice, activating fun​ction of B cells, including antibody production, CD86 expression and proliferative response to LPS, was reduced. However, because RP105 or MD-1-deficient mice do not lack LPS responsiveness completely, there may be functional associations between TLR4/MD-2 and RP105/MD-1[17]. 

Inhibiting action of RP105

On the other hand, because, unlike the TLRs, RP105 has a short cytoplasmic protein and lacks an important signaling domain, RP105 may function as a competitive negative regulator of TLR signals structurally. RP105 plays a physiological role of negative regulation of TLR-4 signaling in dendritic cells (DCs) and macrophages[25-27]. We have also investigated the inhibitory role of RP105 in the development of collagen-induced arthritis (CIA)[33]. Onset and severity of arthritis were accelerated in RP​105-deficient DBA/1 mice. In this model, RP105 regu​lates the antigen-presenting cell function and regulatory T cell (Treg) development. As a result, RP105 induces the attenuation of the cell-mediated immune responses and suppression of the development of CIA.

RP105-activated B cells after cross-linking of surface IgM show growth arrest and apoptosis[24,34]. This result suggests that RP105 can function as a negative regulator of B cell activation. RP105 regulates proliferation and survival of B cells in response to various stimulation.

Population of RP105-negative B cells in human and murine diseases

Up to the present time, expression of RP105 on B cells and monocytes from patients with various disea​ses has been examined (Table 1). The numbers of RP105-negative B cells vary considerably according to the diseases. Especially, RP105-negative B cells are increased in SLE, SS, DM and IgG4-RD in which pathophysiologically B cells are significantly involved[1,11]. Also, in NMO, an organ-specific autoimmune disease, increased RP105-negative B cells were found[10]. Some NMO patients have elevated serum anti-nuclear and anti-SS-A/SS-B antibodies, and then NMO might share common pathological mechanism with systemic autoi​mmune diseases to some extent.

SLE

Although normal mature B cells express RP105, RP105-negative B cells are dramatically increased in active SLE patients[8]. The disease activity of SLE, SLE Disease Activity Index (SLEDAI) scores, is correlated with the percentages of RP105-negative B cells. Also, serial analysis of the ratio of RP105-negative B cells from the same SLE patients was performed individually and RP105-negative B cells decreased as the disease turned inactive. The serum IgG levels were also correlated with the percentages of RP105-negative B cells. These results suggest that RP105-negative B cells in the peripheral blood are closely associated with activity and function of B cells of SLE. Being similar to RP105-negative B cells, CD27highCD38+ B cells producing high-affinity IgG are increased in the peripheral blood of SLE patients with correlation to disease activity[35,36]. RP105-negative B cells and CD27highCD38+ B cells should be phenotypically identical[9].

RP105-negative B cells disappeared in the peripheral blood from patients treated with corticosteroids and seem to be more sensitive to corticosteroids than RP105-positive B cells in vivo. The effect of dexamethasone on apoptosis of RP105-negative B cells was confirmed in vitro. Although RP105-negative B cells underwent spontaneous apoptosis more easily compared to RP105-positive B cells, dexamethasone induced apoptosis of RP105-negative B cells, but not RP105-positive B cells. This result illustrates the rapid clearance of RP105-negative B cells from peripheral blood by the treatment with corticosteroids in SLE patients.

ANA-negative SLE (seronegative SLE)

Because, in patients with SLE, antinuclear antibody (ANA) in serum is a primary hallmark, ANA-negative SLE is very rare[37]. Although, in clinical practice, ANA-negative SLE patients exist as a subpopulation of SLE, the diagnosis of seronegative SLE can be difficult in patients showing no immunological abnormalities[38-46]. The nu​mbers of RP105-negative B cells were increased and correlated with disease activity even in ANA-negative SLE patients[47]. Without significant serological markers for SLE, examination of B cell population may be useful in evaluation of activity. Later, these patients turned out to be serologically positive, including ANA, anti-dsDNA and anti-Sm antibodies.

Human SLE

RP105-negative B cells produce autoantibodies, including IgG and IgM class anti-dsDNA and single stranded DNA antibodies in vitro[48]. Especially, IgG class anti-dsDNA antibodies are specific and profoundly associated with pathogenesis of SLE. RP105-negative B cells have characteristic phenotype compared to RP105-positive conventional B cells[49,50]. Collectively, RP105-negative B cells are assigned as autoantibody-producing pathogenic B cells.

Murine models of SLE

In addition, recently RP105-negative B cells have been found in a murine lupus model, the first filial generation of New Zealand Black (NZB) and White (NZW) mice (BWF1)[51]. Although the parental strains (NZB and NZW mice) do not show the phenotype of SLE, BWF1 mice develop autoimmunity with diffuse proliferative nephritis and production of anti-DNA antibodies. In BWF1 mice, splenic or peripheral RP105-negative B cells are increased with progression of renal lesions and aging. 

RP105-negative B cells in NMO

NMO is an inflammatory neurological disorder with recurrent attacks of severe optic neuritis and myelitis[52]. In NMO, anti-aquaporin-4 (AQP4) water channel protein antibodies are pathogenic autoantibodies and can be used as a disease marker[52,53]. Because anti-AQP4 antibodies alone do not cause the disease, cellular immunity works in concert with anti-AQP4 antibodies in pathophysiology in NMO[54]. Although RP105-negative (CD19intCD27highCD38highRP105-) B cells are inc​reased in the peripheral blood of anti-AQP4 antibody-positive NMO patients compared to normal subjects or patients with conventional form of multiple sclerosis (CMS), the frequencies of naïve and memory B cells are not changed. The frequency of RP105-negative B cells is correlated with the serum levels of anti-AQP4 antibodies[10]. Serial analysis of paired samples from the same NMO patients during relapse and in remission shows that RP105-negative B cells increased during relapse.

RP105-negative B cells in various immune-mediated diseases

Among various systemic rheumatic diseases, RP105-negative B cells are also increased in SS[55,56], DM[57], IgG4-RD[13] and ANCA-associated vasculitis [submitted]. In the patients with rheumatoid art​hritis, systemic sclerosis, angiitis syndromes except for granulomatosis with polyangiits, Behçet’s disease, mixed connective tissue disease, and polymyositis (PM), the numbers of RP105-negative B cells are increased compared to normal subjects. However, the levels are not very high[55]. 

DM/PM

DM and PM are clinically similar diseases each other. Difference between two diseases is not only the presence of skin manifestations, but also etiological findings, the involvement of humoral immune mechanism in DM and cellular immunity in PM. The proportion of RP105-neg​ative B cells is increased in patients with DM compared to PM patients or normal subjects[57]. The increase of RP105-negative B cells reflects B cell activation in DM but not in PM. This finding is similar to the difference between NMO and CMS, as increased RP105-negative B cells are only found in NMO but not in CMS[10].

The different distribution of RP105-negative B cells between in the peripheral blood and the target organ is also interesting. Bronchoalveolar lavage fluid from a DM patient contained larger number of RP105-negative B cells than the peripheral blood. RP105-negative B cells may be preferentially located in the impaired organs, such as lung. 

SS

In SS patients, polyclonal hyperactivation of B cells exists[58]. Increased RP105-negative B cells are also found in SS patient. RP105-negative B cells from SS patients produced IgG and IgM spontaneously in vitro[56]. In some of salivary glands with lymphoid follicles in SS, germinal centers mainly consisted of RP105-negative B cells. B cells infiltrating the area other than lymphoid follicles were RP105-negative. RP105-negative B cells may be associated with the inflammation and tissue damage of the target organs in SS.

IgG4-RD

IgG4-RD is a rare and novel systemic inflammatory disease characterized by tumefactive lesions with infiltr​ating IgG4-positive plasma cells[1,2]. IgG4-RD affects various organs. The elevated serum concentration of IgG4 has been believed as a hallmark of IgG4-RD. B cell depletion therapy using RTX is an effective and alternative approach in refractory IgG4-RD[3]. B cells play an important role in the pathophysiology of IgG4-RD.

RP105-negative B cells increase in IgG4-RD[11]. Because RP105-negative B cells consist of mainly plasm​ablasts and early plasma cells, precursors of plasma cells are increased in peripheral blood in IgG4-RD. Serial analysis showed that RP105-negative B cells decreased in parallel with disease activity.

Wallace et al[12] reported that plasmablast is a biomarker for IgG4-RD, independent of serum IgG4 concentrations. Patients with active, untreated IgG4-RD have elevations in their circulating plasmablast counts. Increased RP105-negatvie plasmablasts are associated with disease activity and the number of organ involvement[11,12]. Existence of RP105-negative B cells may reflect the dysregulation of differentiation and localization of late B cells in patients with IgG4-RD. Moreover, in patients with IgG4-RD, CXCR5 is expressed on the later B cell subsets.

KD

KD is one of the vasculitis syndromes in childhood and an acute febrile illness with the formation of aneurysms in coronary arteries[59]. The percentages of RP105-positive B cells are higher in patients with KD than normal subjects. The levels of RP105 expression are also high in children with KD. RP105 expression at both protein and messenger RNA levels was enhanced in B cells stimulated with poly inosinic-cytidyric acid [poly(IC)], a synthetic double-stranded RNA in vitro. Similar mechanism may be involved in the up-regulation of RP105 expression on B cells in KD and viral infections.

Aging

In the elderly people, RP105-negative B cells are incre​ased compared to the young[60]. In normal young persons, RP105-negative B cells are seldom (1.7% ± 1.1%)[8].

RP105 expression on monocytes in PBC

Altered monocyte response to ligands for TLRs was reported in patients with PBC[61]. Peripheral blood mononuclear cells and monocytes from PBC patients were stimulated with LPS. The level of TLR4 expression was increased with LPS stimulation on PBC monocytes compared to controls. Conversely, the expression of RP105 on PBC monocytes was decreased in comparison with controls.

CONCLUSION
RP105 molecule is deeply associated with B cell function, survival and death. RP105-negative B cells produce autoantibodies and take part in pathophysiology in various diseases. RP105-negative B cells play a crucial role and are useful as a disease marker in both systemic and organ-specific immune-based diseases. As RP105 has complicated function, different mechanisms of the increase in RP105-negative B cells may function in each disease. To clarify these mechanism, further studies should be required.
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Figure 1  P105 consists of extracellular leucine-rich repeats and a short cytoplasmic tail. LPS: Lipopolysaccharide; TLR4: Toll-like receptor 4; IKK: IκB kinase ; PI3K: Phosphoinositide 3-kinase.
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Table 1  Altered expression of RP105 (CD180) and the human and murine diseases


Human


�
Disease


�
Ref.


�
�
Increased RP105-negative B cells


�
�
�
�
�
SLE


�
[8]


�
�
�
ANA-negative SLE


�
[48]


�
�
�
Sjögren’s syndrome


�
[56,57]


�
�
�
Dermatomyositis


�
[58]


�
�
�
IgG4-related disease


�
[13]


�
�
�
ANCA-associated vasculitis


�
[submitted]


�
�
�
Neuromyelitis optica


�
[10]


�
�
�
Aging


�
[64]


�
�
Increased RP105-negative B cells; low levels


�
�
�
�
�
Rheumatoid arthritis


�
[56]


�
�
�
Systemic sclerosis


�
[56]


�
�
�
Behçet's disease


�
[56]


�
�
�
Mixed connective tissue disease


�
[56]


�
�
�
Polymyositis


�
[56]


�
�
Increased RP105 on B cells


�
�
�
�
�
Kawasaki disease


�
[63]


�
�
Decreased RP105 on stimulated monocytes


�
�
�
�
�
Primary biliary cirrhosis


�
[65]


�
�
�
BWF1


�
[52]


�
�
SLE: Systemic lupus erythematosus; ANA: Anti-neutrophil cytoplasmic antibody. 
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